It is often desirable to detenniw the potential for radio frequency interference between Earth stations and orbiting spacecraft. This information CM be used to select frequendes for radio systems to avoid interference or it can be used to determine if coordination between radio systems is necessary. A model is developed that will determine the statistics of Interference between Earth stations and elliptical orbiting spacecraft. The model uses orbital dynamics, detailed antenna patterns, and spectral characteristics to obtain accurate levels of interference at the victim receiver. The model is programmed into a computer simulation to obtain long term statistics of interference. Two spectfic examples are shown to demonstrate the model. The first example is a simulation of interference from a fixedsatellite Earth station to M orbiting scatterometer receiver. The second example is a slmulatlon of interference from Earth exploration-satellites to a deep space Earth station.
A. Introduction The Earth station may be transmitting or receiving. Its antenna is pointed toward spacecraft 2 or toward an arbitrary point described by the Earth station antenna azimuth and elevation. Two interference scenarios are considered. In the fK. 9 scenario, the Earth station is transmitting a signal toward spacecraft 2. This signal is unintentionally received by spacecraft 1. In the second scenario, spacecraft 1 is transmitting a signal that is unintentionally received by the Earth station.
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The interference geometry shown in Fig. 1 is common to many interference scenarios that occur between two different radio systems.
The level of interference that occurs at a victim receiver depends on angles, y, and y ,
, and the distance, D,f, that are shown on Fig. 1 . I h e primary emphasis of Part 1 of this paper is to show how to compute these parameters as a function of time. The 
This equation is valid for DA 2 100. For DA e 100 a different pattern is used.
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The path loss from spacecraft 1 to the Earth station is computed.
The angle, y, , on Fig. 1 is used Fig. 1 .
B. Analysis
The computation of the scatterometer antenna gain in the direction of the fixed-satellite Earth station depends on components of the angle, y,, in The vector (from the scatterometer spacecraft to the fixed-satellite Earth station) is transformed from the right ascension-declination coordinate system into the antenna Coordinate system. 'Ihis is done by converting from the right ascension-declination system to the orbit-plane system, to the spacecraft system, and to the antenna system. X, = -A~B~P=x, = (~m , yd., G J~ (7) These components are used to determine the off-axis angles in the narrow-beam plane (ki directions) and wide-beam plane (*j directions) of the fan beam antenna (Fig. 2) . The antenna boresight points in the k direction.
'Ihese angles are used to compute the mow-beam and wide-beam components of the fan beam antenna gain. 
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The threshold level where interference is considered harmful to the scatterometer is -207 dBW/Hz [3] . The ground track of the scatterometer may be computed to provide a visual indication of where the scatterometer is interfered with or not interfered with. The latitude of the ground track is computed first.
Wind speed measurements on the right side of the scatterometer are taken by combining signals from beams 1-3 and, on the left side, by combining signals from beams 4-6. An area on the right side is considered to be covered if a vector from each of beams 1-3 intersect the area on the same orbit and the interference is below the receiver interference threshold for each of beams 1-3. Likewise, an area on the left side is considered to be covered if a vector from each of beams 4-6 intersect the area on the same orbit and the interference is below the receiver interference threshold for each of beams 4-6. An area is considered to be interfered with if any of the beams produce an interference level above the receiver interference threshold. The probability of interference is estimated.
where p = estimate of probability of area interference n = the number of times that an area is covered and interfered d = the number of times that an area is covered with La, = 90 -cos"(da)
Then, the longitude is computed.
Where the definitions of "covered" and "interfered with" are provided in the paragraph above.
D. Power F l u density of the Scanerorneter
Compatibility between terrestrial radio systems and spacecraft radio systems is often determined from the power flux density of the spacecraft on the surface of the Earth, Therefore, the power flux density of the scatterometer is computed.
(I3)
The longitude is transformed to obtain values between -180" and 180". The elevation angle on Earth is a function of 4. 'Iherefore, the power flux density can be computed as a funcdon of elevation toward the scatterometer.
simulation period. Then histograms of these interference episodes are generated. From the histograms the distribution of interference episodes may be estimated.
The scatterometer measures wind speed over the ocean. Taking this measurement requires that 3 antenna beams (beams 1-3 or beams 4-6) have no interference. The effect of interference from a fixed-satellite Earth station to the scatterometer is to create certain areas on the ocean where measurements of the wind speed cannot be taken by the scatterometer. It is possible that the scatterometer will have interference on the ascending portion of the orbit over a particular area of the Earth. When the scatterometer passes over this area on a descending portion of the orbit it is possible that there will be no interference. Therefore, it is desirable to compute the statistics of interference for areas of the Earth.
For a simple example, the Earth is divided into areas that are 100 km x 100 km near the equator. To facilitate the programming, this is done by dividing the Earth into areas that are 0.898" longitude in width and 0.898" latitude in height The width of these areas is 100 km at the equator, tapering off to a width of 0 km at the North and South poles. The antenna beams are very narrow in one direction and wide in the orthogonal direction. Therefore, the beams are approximated with 31 vectors in the wide-beam plane of the a n t e~a These vectors are spaced 1" apart, yielding a total coverage of 30" in the wide beam plane. The point of intersection of an antenna vector with the Earth is determined. This vector location is converted to latitude and longitude (12, 13). men, approximately 100 minutes. The position of the orbit changes relative to the fixed-satellite Earth station. Therefore, on some orbits there is no interfexence and on other orbits there are episodes of interference for varying amounts of time. The maximum and mean of these interference episodes are provided. Fig. 3 shows the probability of area interference for 1.1 orbits, The fixed-satellite Earth station is located at 0" E, 0" N and poihts toward a geostationary satellite at 0" E. 
E. Simulation
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A. Introduction
The Deep Space Network (DSN) uses the 8400-8450 MHz band for space-to-Earth transmissions. The Earth station receivers are protected by interference criteria [4] that have been negotiated in international forums.
Other radio services that use the 8400-8450 MHz band are aware of the interference criteria and limit their transmissions accordingly. However, radio services that transmit in bands that are adjacent to the DSN bands may not be fully aware of their emissions in the DSN band. If these outof-band emissions are strong enough they can disrupt DSN communications. ' h i s section investigates some of the low Earth orbiting spacecraft that transmit in bands that are adjacent to the DSN bands near 8400 MHz.
B. Power Spectral Dens@ of Adjacent Band Interferers
The power spectral density from an Earth orbiting spacecraft is computed with the following equation: The spectral density is computed from the equations shown in Table 2 [5,61.
(r~SRI)[sin(xf/SRI)]z/(lrf/SRI)z +
QPSK -Quadriphase-Shift Keying UQPSK -Unbalanced Quadriphase-Shift Keying PSK -Phase-Shift Keying MSK -Minimum-Shift Keying SR = total output symbol rate f = frequency r, = ratio of power in I channel to total power SRI = symbol rate of I channel rQ = ratio of power in Q channel to total power SRQ = symbol rate of Q channel Replace "f' with "f-f," (where f, is the center frequency) to obtain the spectral density at the center frequency
In particular, the Earth Observing System (EOS) program is planning the launch of several spacecraft [7] that will have spectral emissions in the 8400-8450 MHz band. Fig. 4 is a plot of (16) for the Earth Observing System (EOS) spacecraft transmitting in the direct broadcast (DB) mode. It shows that the emission of an EOS spacecraft exceeds the DSN interference criterion (-220.9 dBW/Hz) by about 45 dB in the 8400-8450 MHz band. ' h i s is a worst-case power spectral density at the deep space Earth station because peak antenna gains are used and the minimum orbit altitude is used to compute the path loss. Determination of the statistics of interference is shown next.
C. Simulation of Interference to a Deep Space Earth Station from Low Earth Orbiting Spacecraft in an Adacent Band
It is useful to know the amount of time that the power spectral density from an adjacent band spacecraft exceeds the interference criterion of the , 70" S 7, c 90" = -14.5 , 90" I y, I 180" 'Ihe interference power spectral density level at the Deep Space. station receiver is computed.
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where P, = EOS transmitter power = 11.8 dBW The first simulation on Table 3 is for 1 EOS spacecratl (SK) eansmitting in the direct playback @P) mode (QPSK, 150 MSPS per channel).
Statistics of the interference are provided. The second simulation on Table 3 is for 5 different spacecraft. The antenna pattern for the last 4 spacecraft is the same as the EOS antenna (18) except for additive constants to provide the correct peak antenna gain for each spacecraft. Each interference event is composed of a number of interference samples The antenna pattem of the deep space Earth station that is provided in (17) was developed a number of years ago for generalized Earth stations. More accurate gain data has been made available for the 70 meter antennas of the DSN [9] . lXis data has been fit with a number of equations.
G, (y, )
= 
IV. Summary and Conclusions
'Detailed models of the interference geometry of Earth orbiters and an Earth station are developed. 'These models allow the accurate determination of antenna gains and path distances. These parameters and the radio system characteristics dete.nnine the interference levels at the victim receiver.
The fnst example is a simulation of interference from a fixed-satellite Earth station to an orbiting scatterometer receiver. More recent analysis has indicated that modulators with data asymmetry produce line spectrums. Preliminary work has shown that a 5% data asymmetry can produce spectral components (assuming a 1 Hz bandwidth) that are 60 dB or more above the ideal QPSK spectral density. If one or more of these components falls in the deep space Earth station receive bandwidth interference can occur. Additional filtering of these components (above the 20 dB mentioned above) is required.
The simulations are programmed in Fortran and run on a Sun workstation. 'zhe author may be contacted for instructions on the operation of the simulation programs.
